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Methods S Vil Enrors 20002005 Laboratories should verify each patient result before reporting. As an example, Michigan
. . - - - ercentage of Antibiograms with Major Errors, 2000- i 4
Context: Antimicrobial susceptibility testing (AST) is a highly complex test in clinical 60% 2 L J reported two of four confirmed cases of vancomycin-resistant Staphylococcus aureus, the first
laboratories. Prior to NCCLS M39-A publication in 2002, no guidance existed for Approximately 110 laboratories in Michigan perform antimicrobial susceptibility testing (1). known case in 2002 and the fourth in 2005. However, according to antibiogram data, one
standardized preparation of cumulative AST data (antibiograms). MDCH asked these clinical laboratories to submit their antibiograms from years 2000, 2001, 2002, \ = laboratory in 2000, four laboratories in 2001, one laboratory in 2002, and four laboratories in
and 2003 on a voluntary basis to the MDCH Bureau of Laboratories. Antibiograms were requested 50% paterns or Imposs} 2003 reported Staphylococcus aureus <100% susceptible to vancomycin.
Objective: To measure effectiveness of efforts to promote AST practice guidelines and each year via the MDCH quarterly newsletter and through direct fax requests. Laboratories were Miskating or Dangeros
determine if guidelines are being implemented in Michigan hospital laboratories by assured that anonymity would be maintained. No additional follow up or telephone request, etc, Combinations Itis possible that the laboratories repeated testing on these unusual isolates, the results did not
analyzing antibiograms submitted to Michigan Department of Community Health was attempted; however, 2003 antibiogram data was requested as a condition of enrollment in 0% e ottt o more confirm, and the vancomycin resistance was not reported on any patient. Because antibiogram
(MDCH) Bureau of Laboratories, MDCH’s 2004 sentinel laboratory preparedness program. Mo Ermors :ta;:r;:‘ms;rcn:mlsf‘zr’a:s;e’; B ::rsl;se‘ri ""m:'n‘ r:zeo:;:zgal:fmfc‘t"zs Lr;‘sslr:wgeen:‘;ln;;elz?e:;r;:
Methods: Clinical microbiology laboratories in Michigan were asked, on a voluntary Antibiograms were analyzed for unlikely resistance patterns, appropriateness of reported drugs and z 30% the automated instrument data, they may have been included in the cumulative statistical
basis, to submit antibiograms from years 2000 through 2003 to the Michigan compliance with selected recommendations from CLSI/NCCLS standards M2-A8, M7-A6, and e analysis. This could account for these anomalies.
Department of Community Health. Representative antibiograms were obtained from a guideline M39-A (2,3). Erors found were categorized as major (reporting unlikely/ impossible ) ) . )
total of 53 (48%) of 110 laboratories. Antibiograms were analyzed for unlikely resistance patterns, reporting misleading or inappropriate organism/drug combinations) or minor 20% S Other unusual resistance patterns were noted in the antibiograms. Beta-hemolytic streptococci
resistance patterns, appropriateness of reported drugs and compliance with selected (misspelled organism names/antimicrobials, obvious math errors). :jha:l m nozrsuscemlble to penicillin or e h‘a\vﬁvnot hzenE re‘ponbed b the I\(_era&:;eu :/‘:
recommendations from M39-A. Errors found were categorized as major (reporting ate. Pseudomonas aeruginosa susceptible to ampicillin, and Enterobacter species
misleading or inappropriate organism/drug combinations, reporting impossible/ unlikely 10% susceptible to cefazolin are very unlikely. However, these patterns were also reported by a few
resistance patterns) or minor (misspelled organism names/antimicrobials, obvious math laboratories. (see Table 4).
errors)
Results 0% T T T — Because cumulative antibiograms are distributed to physicians to guide empiric therapy,
Results: Compliance with NCCLS M-39 A s increasing in some areas, and most errors 2000 2001 2002 2003 MDCH also examined whether inappropriate antimicrobials were reported. Beginning in 2003,
are decreasing. Major errors decreased, from 56% of antibiograms in year 2000, to 18% The number of antibiogram submissions increased each year. Antibiogram data was submitted by the INCdCLSICLSI documents included tables of unllkely resistance pauer(?:s and wamlmgs':;'
of antibiograms in year 2003. Minor errors also decreased, from 13% in 2000, to 8% in 19 laboratories in 2000, 29 in 2001, 41 in 2002, and 45 in 2003. Some laboratories submitted : : f b v misleading or organ or_example, for
2003. The percentage of laboratories reporting Streptococcus pneumoniae data summary “raw” data printouts from automated instruments. For this QA analysis, only Figure 2. Major errors in antibiograms, years 2000-2003 Enterococcus species, cephalosporins may appear suscenuble in vitro, but they are not effective
increased, from 75 % in 2000 to 88% in 2003, with an increase in dual breakpoint antibiograms submitted in “released” format were included. Sixteen usable antibiograms were clinically and should not be reported.) MDCH examined the antibiograms for the combinations
reporting noted. Forty-four percent of antibiograms from 2000 and 45% from 2003 received from 2000, 26 from 2001, 33 from 2002, and 40 from 2003. A total of 53 laboratories listed in NCCLS/CLSI standards, and the results are shown in Table 4,
t [ h <10 isol hi submitted 115 usable antibiograms: 18 submitted data from one year only, 13 from two years, 17 . . §
S e A T D) {rom three years, an 5 sbmated antibiogram data rom all four years, See Tables 1 and 2. Minor errors also decreased, from 13% in 2000 to 89% in 2008. Minor errors were defined as misspelled  Many Iaboratories reported gentamicin on Enterococeus species, which is not recommended.
' or'gznism names or arl;limicmlbialsv and Ogg/io'us 'malh errors. For Iexar'ﬂplev Ohne anlibiosram femﬂ:d However because these are internal documents within an institution, it is likely that internal
— — rifabutin, an anti-mycobacterial agent, instead of rifampin. An example of one obvious math error was the users understand that the cumulative gentamicin statistics indicate screening for high-level
Conclusions: Laborat have difficulty implementi dati L . 2 i p 5 S g g for high-level
Coneiusions  oralones e i My iplanenting soms Ecunmendaons i Vear | Towl 7 Labs | # Labs submitting | ¥ Labs submitiing Fepotingof 10 50t f & Al $peis, of WHEN 14% wero USap o 1 anmICobal MINOT s et (o G IO o e
e submitting data Raw Data Released Data errors are summarized in Table 5. Table 6 lists the percentage of antibiograms with minor errors. s Juded in the anal
compliance with recommendations to verify unusual patient results before release. o1 T B ese “errors” were not included in the analysis,
Further adoption of guidelines will provide more reliable data to clinicians to guide 2000
antibiotic choice. 2001 26 Quinupristin-dalfopristin is not appropriate for treating enterococci other than E. faecium, and
2002 4 33 NCCLS/CLSI recommends reporting this drug only on E. faecium. However, a few laboratories
Bac kg round 2003 7 0 [Minor Errors 2000 | 2001 | 2002 | 2003 reported it as 0% susceptible for other Enterococcus species, possibly as  point of physician
Table 1. Number of veable anibn omitted Misspelled organismiantimicrobial 1 | 3 3 education, and this “error” was also excluded from the statistical analysis.
Antimicrobial Susceptibility Testing (AST) is highly complex testing, as categorized able 1. Number of usable antibiograms submitted per year ‘Obvious math error 1l 2] 00 . - i
‘The errors noted in laboratory antibiograms prompted MDCH Bureau of Laboratories to focus
by the Clinical Laboratory Improvement Amendments (CLIA), and must be performed 4 ya I I jes
only by laboratories that fulfill all personnel and quality assurance Table 5. Number and type of minor errors each year from 2000-2003 ed:’.‘“:"”a' f"‘;"f on 'Efw""'”:‘h"fl“;"s“f' ’es's‘a"fe‘T";‘d ‘"f mportancetod "e"fy'”g e.ai"
defined by CLIA for certification. The performance standards and interpretive Year(s) data Number of lr‘a 'Ie"" Irefl‘fd‘ zvm’ifeas"r“% i": Io;aborry| 'fl""vd . e:‘E t:):ws ';Ne’en:;'cm?‘i:‘f d':‘""
quidelines for AST are defined by the Clinical and Laboratory Standards Institute submitted Number of labs antibiograms Egﬂ“ talresy ‘; 5“"’“' 5;0022 £l ga" y ‘;Pha 550;: 9; eporting of ; ea mg
(CLSI, formerly the NCCLS) through an evidence-based consensus process, with 1 ofcenperoes oontibelioe o ata decreased by 50%, and none were noted on the
volunteer participants representing multiple constituencies. In addition to the 3 antibiograms prepared from 2003 data.
performance and interpretive standards, in 2002 CLSI/NCCLS published the first 7
guidance document (M39-A) for standardizing the statistical analysis of cumulative 5 Minor Errors 2000 | 2001 [ 2002 | 2003 x;"“r'::;fa':?;:z’a’r‘m’;; Sr[fr;‘";‘rf;':‘h":?::r‘e‘n";ye dﬂ““'“ perhaps indicate lack of oversight in
AST data by the clinical laboratory. Total 5 115 Misspelled organisms/antimicrobial 6% prep: g s
e 5 Obvious math error 6% i ibi i i i
— Thirty-one to 45% of antibiograms failed to include the dates of analysis. This finding is
R Cero e o Sy LRI, A o AT T e Total percentage* of antibiograms 1396 | 1996 | 9% | 8% Puzzing, and ey et he et many abortre hd aady bl a amlr,
gk . ot . with >=1 minor error(s) beit template for their Most laboratories that did not include
cumulative antibiogram statistics are generally presented on an annual basis within a P G L e Mol ot g
healthcare facility as the aggregate percentage(s) of organism(s) susceptible to various Major errors (defined as unlikely or impossible resistance patterns, or the reporting of misleading or Table 6. Percentage of antibiograms with minor errors, years 2000-2003 DS DA TS ¥ (ST
antibiotics on the hospital formulary, for the purpose of guiding empiric antimicrobial dangerous organism/antimicrobial combinations) occurred each year but are decreasing. Fifty-six per cent . - ¥f N T AT P
therapy before specific culture results are available on a particular patient. (See of antibiograms from 2000 contained one or more major errors, 42% from 2001, 33% from 2002, and (cludnginlyessiclforiicherlacladlel i okies Gurn e ol uffnahs s
example in Figure 1.) 189% from 2003 (Figure 2). Table 3 summarizes the percentage of antibiograms with major errors, and frﬂge?:m:\um;g;o:mgg;e e .Znﬂ'%ﬁiﬂii :n‘a“’y‘;gd o ‘qua:rterly e ::x:ﬁi‘
Table 4 f [ 2 - .
T O N e A B MOCH al ned antbi ] ' . dations from the CLSINGCLS NCCLS/CLSI M39-A recommends an annual presentation of cumulative data; and if
. also examined antibiograms for compliance with four recommendations from the laboratories switch to yearly analysis, they will likely have a lower number of species with
JR = M, Major Errors 2000 |2001 |2002 | 2003 M39-A as one measure of how easily laboratories are able to adopt new guidelines: fewer than 10 isolates per year.
‘Cumuisive Antimicrobial 5 Unlikely or impossible resistance patterns 44% 38% 30% | 16% =Indicating the inclusive dates used to create the cumulative report
E or dangerous 0 : 13% |12% 6% |0 =Analysis and inclusion of only species for which there are a minimum of ten isolates Capability of the various laboratory information systems and automated instruments to exclude
£ Total percentage of antibiograms with >= 1 major 56% |42% |33% |18% *Reporting of data on duplicate isolates in a twelve month period varies considerably; and inclusion of only the first
error(s) =Elimination of duplicate isolates and inclusion of only the first Teolae per patient, regardless isolate per year per patient presents a major challenge for most laboratories. Fewer than 10 per
of susceptibility pattern. cent of laboratories indicated on the antibiogram that duplicate isolates had been excluded, and
ibi i j - even fewer defined what constituted exclusion of duplicate isolates.
s Table 3. Percentage of antibiograms with major errors, years 2000-2003 Inclusive dates used to create the report were indicated on 63 % of antibiograms from 2000, 69% from B
o e e 2001, 55% from 2002, and 58% from 2003. Inclusion of only species for which thelahoratory hed more Presentation of Streptococcus pneumoniae data was chosen as a quality indicator because of
= Gram Positive Organisms 2000 | 2001 | 2002] 2003 than tenisolates wes noted i 56% ot antibiograms from;2000, £8% from'2001, 61% from 2002, and 55 emerging antimicrobial resistance and changes in the interpretive criteria for susceptibility
s or ecch g s ol o Unlikely or S, aureus <100% S to vancomycin 1 7] 2 2 % from 2003, testing. Most laboratories (75-88%) report S. pneumoniae data. In 2002, NCCLS/CLSI began
. . i i 1 T y . using different breakpoint criteria for the interpretation of susceptibility testing results for
Figure 1. Sample antibiogram iposit MRSA (methicillin-resistant Staphylococcus s & yanvelpercentiof rep data in 2000; 85% in 2001 and isolates of S. pneumoniae from meningitis vs. those from non-meningitis. Laboratories
patterns aureus) >0% S to Beta-lactam 2002; and 88% in 2003. Reporting of ol bveakpmm data for S. pneumoniae has increased from 8% in adopting this recommendation increased from 18% in 2002 to 45% in 2003,
Beta hemolytic Streptococcus 2 4 2 2001 to 45% in 2003. (The dual breakpoints were approved in 2001 for inclusion in the 2002
<
Highly complex and rapidly changing antimicrobial susceptibility testing (AST) Bl?aoi‘/::‘;fyﬁ?s'::!&‘ococcus i Sancarsy
eauiteentinlissponseliojemerpinolenunicrobleliresisencolpresaniichaliengesiio) <100% S to vancomyein Inclusion of only the first isolate per patient was evident on less than 10% of the antibiograms for any .
clinical laboratories. Clinical laboratories may also face economic barriers in comycin _ o COnCIUSIOn
complying with guidelines because CLSI/NCCLS AST interpretive standards are _ S. pneumoniae <100% S to 1 1 P
updated annually, test performance standards are updated every three years, and leading or | Cephalosporin reported on 1 . . ) .
these copyright-protected documents must be purchased. To address these concerns, Oxacillin reported on S. i 2 hesethdingeassnrizedlinlTeb ey, ;)Labovalzjrlles £ often surve‘ﬁd :boull ll]he" testing practices, but ana'l‘vsls of andubuagrams ey
beginning in 2002 the Michigan Department of Community Health (MDCH) Bureau inati Clindamycin reported on e a useful tool to measure whether laboratories are incorporating changes and updates at the
of Laboratories began offering educational programs on AST standards and SXT/TMP reported on Enterococcus bench.
quidelines. MDCH has also purchased the CLSI/NCCLS documents and provided D T O S rEs o | e | e
them at no cost to sentinel (microbiology) laboratories in Michigan through a Quinuprist ported on Feportsdon AR aRT A Year 2000 2001 [ 2002 2003 *Analysis of antibiograms may provide useful information when deciding where to focus
Cooperative Agreement with the Centers for Disease Control (CDC). Cthor than E. fasciom™* Number of antibiograms / percent educational efforts.
Gram Negative Organisms 2000 | 2001 | 2002| 2003 Dates of analysis included 6;2,0 6;5/6 5;5/11 5§§/ﬁ «Providing antibiogram data to public health agencies does not create more work for laboratories,
Unlikely or Pseudomonas aeruginosa >0% S to ampicillin 2 1 3 2 e = = as the data is already prepared for another purpose. However, there may be reluctance to share
A . i bl Enterobacter spp. 100% S to cefazoli 1 Data for species with 9 15 19 22 with public health what has been largely regarded within the hospital as proprietary data.
o bJ ective g:t’ig:rs:s ‘ H::r:\oo T:lzhej; fnfluenzae R 12 ‘::; eon;rr‘atmn 3 5 4 1 DIl ailly 5630 e G £
P 3Tpener First isolates only included 0 1 0 3 =Increased compliance with CLSI/NCCLS standards and guidelines, particularly those with
To measure effectiveness of efforts by MDCH Bureau of Laboratories to promote or |C in reported on Shigella spp. 1 _ 4% 8% regard to daily verification of unusual or unlikely results, should result in decreased errors on
the CLSI/NCCLS performance/interpretive standards and antibiogram guideline; dangerous T B e e S TRReT 1 data 12 22 28 35 antibiograms, and thus provide more reliable data to clinicians to guide antibiotic choice.
and to determine whether changes in the standards are being implemented in o : reported 75% 85% 85% 88% . et oroite and xolan the. AST. stndards and quidel
clinical laboratories by analyzing antibiograms from years 2000, 2001, 2002, and - dual 0 2 6 18 *Programs that provide and explain  the standards and  guidelines may encourage
2003, Total Number of Major Errors 12 | 25 [15] 9 (CSFInon-CSF) breakpoints 8% % Ped compliance.
** Excluded from analysis: see discussion S = susceptible; R =resistant; SXT/TMP = reported for ceftriaxone/cefotaxime .
*Note: Total percentage does not equal the sum because some antibiograms contained more than one type of major efror. n R L 1. National Laboratory System Database
T bl 4 N b d t f H h f 2000 2003 Nablei7; Compllance with selected CLSI/NCCLS M39-A recommendations 2. NCCLS. Performance Standards for Antimicrobial Susceptibility Testing; M100-512, 2002; M2-A8 and M7-A6, 2003.
able 4. Number and type of major errors each year frrom A 3. NCCLS. Analysis and Presentation of Cumulative Antimicrobial Susceptibility Test Data, M39-A. 2002
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